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Abstract 
Background: Systematic conservation planning involves the prioritisation of conservation actions to optimise bio-
diversity conservation outcomes whilst considering implementation challenges such as minimising costs. Thousands 
of systematic conservation plans have been developed around the globe (a popular software package, ‘Marxan’, has 
over 4200 active users from more than 180 countries). However, the effects of systematic approaches on conservation 
actions and outcomes are not generally known, nor are the factors which distinguish effective from ineffective plans. 
Previous reviews of conservation planning outcomes have been limited in scope and to narrow time intervals, and 
have revealed very few formal evaluations of plans. Given systematic approaches are widely perceived to offer the 
best chance to rapidly and efficiently achieve biodiversity protection targets, a thorough, up-to-date synthesis of the 
evidence is required.
Methods: This protocol outlines the methodology for a systematic mapping exercise to identify retrospective studies 
measuring the effects of systematic conservation planning on biodiversity conservation at regional, national and sub-
national scales. Our primary research question is: what is the extent and distribution of evidence on the conservation 
outcomes of systematic conservation planning? Outcomes will be categorised according to types of capital: natural, 
financial, social, human and institutional, given the range of potential direct and indirect effects of systematic con-
servation planning on conservation outcomes. A comprehensive and repeatable search strategy will be undertaken, 
utilising a wide range of sources including grey literature sources and targeted searches of organisational websites 
and databases. Sources will be restricted to English language publications between 1983 and 2016. The resultant 
studies will be screened using standardised inclusion and exclusion criteria and data from included studies will be cat-
egorised according to a standardised data extraction form. Information about the study design of relevant articles will 
be recorded to determine study robustness. A searchable database of studies will be made publicly accessible and 
available for updating in future. The results will be published in this journal and also presented as an interactive online 
resource to aid conservation planners in identifying impacts and outcomes of conservation plans.
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Background
The prioritisation of proposed conservation investments 
is essential to secure species, habitats and wilderness 
areas in urgent need of protection, given the limited 
resources available for biodiversity conservation [1]. 
Internationally, governments have committed to the 
Aichi Biodiversity Targets of 17 % of terrestrial and 10 % 
of coastal and marine waters protected by 2020 [2] but 
current efforts are still falling short of these targets [3, 
4]. This situation necessitates transparent, rigorous and 
Open Access
Environmental Evidence
*Correspondence:  emma.mcintosh@ouce.ox.ac.uk 
1 School of Geography and the Environment, University of Oxford, Oxford, 
UK
Full list of author information is available at the end of the article
Page 2 of 13McIntosh et al. Environ Evid  (2016) 5:15 
effective evidence-based policy approaches to enable 
decision makers to allocate limited resources strategically 
[5], avoid the less efficient approaches of the past [6–8] 
and, ultimately, achieve broader conservation goals.
Conservation planning is the process of identify-
ing, configuring and managing conservation resources 
and actions to protect biodiversity and ecosystem ser-
vices, most frequently in the design of protected area 
networks [9]. Since its establishment in the early 1980s 
[10] and widespread uptake in the 1990s, the field of sys-
tematic conservation planning has grown rapidly and is 
widely considered to be the most influential paradigm 
for identifying spatial priorities for conservation invest-
ment [11–13]. Systematic approaches have been applied 
in high-profile projects such as the designation and zon-
ing of protected areas in the Great Barrier Reef, Australia 
[14] and the Cape Floristic Region, South Africa [15].
Applications vary widely and systematic planning is 
often used to describe processes which involve some or 
all of the following stages; the setting of explicit conser-
vation objectives, spatial biological data (typically mul-
tiple species and/or habitats), socioeconomic and other 
datasets, stakeholder consultation [16] and ultimately, 
the identification of priority areas for the allocation of 
conservation resources (Fig. 1). The variation in the use 
of the term ‘systematic’ makes comparisons between 
plans difficult, hampering evaluation. A critical element 
in setting apart true systematic conservation planning 
from other types of conservation planning is the defini-
tion of an optimality criterion, against which alternative 
options can be compared (often completed as a ‘spatial 
prioritisation’ exercise, see Fig. 1) [in real-world applica-
tions, strict algorithmic optimality (applied to initial data 
sets) may be modified to incorporate the preferences of 
stakeholders, who are sometimes involved interactively 
with data analysis [16, 17]].
As an inclusion criterion for this systematic map, we 
therefore define systematic conservation planning as 
a process for locating and implementing conservation 
actions where: (a) the benefits of conservation actions 
are specified either as threshold amounts of natural fea-
tures to be represented or as continuous functions with 
increasing amounts of features; and (b) the outputs are 
one or more optimal or near optimal sets of spatially-
bounded conservation actions (Table  1) (this requires a 
definition of conservation actions, which we here define 
as legal demarcations and/or management interventions 
to promote the persistence of biodiversity and other 
natural features in  situ [18]). This means that plans will 
necessarily use existing, purpose built (e.g. Marxan [19], 
Fig. 1 The primary stages of systematic conservation planning [modified from 9]. This is an iterative, rather than a linear process, with feedbacks in 
light of new data or logistical considerations. The box around stages 8 and 9 indicates the spatial prioritisation stages during which computational 
decision-analysis tools are often used. This figure represents the dominant framework available for systematic conservation planning and has been 
adopted in the pending World Commission on Protected Areas (WCPA) Best Practice Guidelines [77]
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C-Plan [20] and Zonation [21]) or other algorithmic (e.g. 
linear/non-linear programming, genetic algorithms) 
decision-support tools in the ‘spatial prioritisation’ stages 
(Stages 8 and 9 in Fig. 1).
We acknowledge that not all organisations currently 
use computerised decision-support tools (beyond 
GIS alone) to identify priority areas when undertak-
ing conservation planning. However, for the purposes 
of this systematic map, we have decided to focus only 
on plans which involve use of computerised decision-
support tools, because broader definitions of systematic 
approaches to conservation planning are often vague, 
potentially referring to a wide variety of studies which 
would be difficult to consider as comparable interven-
tions (see “Comprehensiveness of search”).
The discipline of systematic conservation planning 
has had a major influence on implementation strategies 
by international conservation organisations [18, 22–26], 
guided policy decisions by government agencies [14, 27] 
and resulted in thousands of academic publications [13, 
28]. Despite the large increase in number of plans [13] 
and resources spent on planning (a systematic conserva-
tion plan can cost millions of dollars and multiple years 
to develop [9]), the impact of this discipline on the effec-
tiveness of spatial conservation initiatives is hypothesised 
but has not been rigorously tested. Preliminary analyses 
suggest the process of planning may sometimes be more 
influential than the plan itself [16, 29] and that balanc-
ing a systematic science-based approach with the needs 
and aspirations of local people is essential [30, 31]. Due 
to a lack of clear protocols for undertaking evaluations 
of conservation plans [32], there is no definitive review 
as to whether the technique has resulted in improved 
biodiversity conservation outcomes when compared with 
ad hoc decisions about the prioritisation of conservation 
actions. In fact, no comprehensive list exists of all the 
systematic conservation plans ever developed.
Published reviews of the effectiveness of conservation 
planning around the globe have been limited in scope, 
restricted to analyses of the peer-reviewed literature, 
pertaining to narrow time periods and have not always 
involved input from practitioners [28, 32, 33]. Exist-
ing attempts to define effective conservation planning, 
have led to an awareness that there are no universally 
applicable solutions and that the greatest challenges are 
operational rather than technical [34, 35]. Without fur-
ther information, conservation organisations and agen-
cies have difficulty defending their actions to funders and 
stakeholders, planning may continue to be undertaken 
in situations where it may be an ineffecient approach [36, 
37], and conservation planners cannot discern which 
elements of the planning process are likely to be most 
influential. The number of localised evaluations and case 
studies of systematic conservation planning projects is 
indeed rising [38–41], but their patchiness and lack of 
consistency provide the justification for undertaking a 
systematic mapping exercise to identify, characterise and 
assess the current state of knowledge in this area.
Conservation planners occasionally outline the out-
comes they intend from plans, but rarely outline the 
causal chains they expect to lead to such outcomes. Com-
mon assumptions are that systematically derived plans: 
will identify more resource-efficient networks for biodi-
versity conservation than other methods [42], will lead to 
improved governance and collaborations [15, 43], capac-
ity building [15], trust and transparency [17, 42], can and 
Table 1 Conservation planning definitions
Conservation planning
The process of identifying, configuring and managing conservation resources and actions to protect biodiversity and ecosystem services
Systematic approaches to planning
Planning stages approximate those in Fig. 1, i.e. the setting of explicit conservation objectives, spatial biological data (typically multiple species and/
or habitats), socioeconomic and other datasets, stakeholder consultation [16] and ultimately, the identification of priority areas for the allocation of 
conservation resources
Core biological principles such as representation and persistence (adequacy; achieved by applying the principles of complementarity, irreplaceability, 
connectivity and related methods [13]) are considered alongside non-biological considerations, including social and political constraints and oppor-
tunities [36, 45]
E.g. The planning process for California’s Marine Life Protection Act in north central California, USA [71]
Systematic conservation planning
In addition to including all above components
(a) The benefits of conservation actions are specified either as threshold amounts of natural features to be represented or as continuous functions with 
increasing amounts of features; and
(b) the outputs are one or more optimal or near optimal sets of spatially-bounded conservation actions
Plans will necessarily use decision-support tools in the ‘spatial prioritisation’ stages
E.g. the representative areas program for the rezoning of the Great Barrier Reef, Australia [14]
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will be implemented [14, 43] and, most importantly, will 
lead to better conservation outcomes than in the absence 
of systematic planning. Among the less explicitly stated 
assumptions are that: accuracy and rigour behind the 
biophysical inputs is of greatest importance (these are 
often given primacy over social, economic, cultural and 
feasibility considerations) [14], and other organisations or 
government departments will take the plan into account 
when undertaking their own activities [43]. In a few 
examples, unexpected causal factors have been reported, 
such as the importance of public education prior to sup-
port for a plan [14]. There may be complex interactions 
between socioeconomic and conservation outcomes 
[44], however, in general, the social and governance fac-
tors [34] which influence conservation decisions remain 
poorly understood [45].
To evaluate the true effects of conservation plans, a 
conceptual understanding of the possible outcomes (both 
intentional and unintentional) of conservation planning 
is required, extending beyond environmental outcomes 
to include social, political and financial considerations. 
A few early attempts to develop a conceptual model for 
systematic conservation planning exist. Kapos et al. [46] 
proposed a generic conceptual model for research and 
conservation planning. However, we find this model too 
prescriptive and less suitable for this systematic map-
ping exercise given our limited understanding of causal 
pathways, specific mechanisms and feedback loops in 
conservation planning. Bottrill and Pressey [32] also 
proposed a preliminary results chain for conservation 
planning where impacts of plans are traceable through a 
series of inputs, processes or actions, outputs and short 
term outcomes. However, we now interpret impacts as 
being able to arise at any point in the planning process, 
their measurement being subject to the robustness of the 
study design employed. Instead, our conceptual diagram 
(Fig. 2) is simplified to focus on the types of possible out-
comes currently assumed to result from systematic con-
servation planning exercises. In later analyses it may be 
possible to break down specific causal pathways unique 
to the systematic conservation planning process.
This conceptual framework will be employed to (a) 
understand the conceptual basis for the study and the 
types of outcomes of conservation planning, (b) frame 
the data extraction form/coding tool, particularly when 
identifying reported outcomes, and (c) to aid in the anal-
ysis and presentation of results.
Objective of the map
This searching exercise will identify retrospective studies 
that measure the effects of systematic conservation plan-
ning exercises on biodiversity conservation at regional, 
national and sub-national scales (i.e. the scales at which 
conservation actions are undertaken) (Table  2). The 
systematic map will take the form of a searchable data-
base, which will collate a body of literature and curate 
the evidence linking systematic conservation planning 
and biodiversity conservation outcomes. As such, it will 
focus specifically on evaluations of systematic conserva-
tion plans, rather than identifying a comprehensive list of 
all plans ever developed. By evaluations we refer to: sys-
tematic methods for collecting, analysing, and assessing 
information on the effectiveness of projects and policies 
in relation to stated goals [47], which can take multiple 
forms. It will exclude gap analyses and evaluations of 
non-spatial prioritisations, e.g. the triage of threatened 
species [48].
Our primary research question is: what is the extent 
and distribution of evidence on conservation outcomes 
of systematic conservation planning around the globe?
Here we define an outcome as a state or temporal 
change associated with a conservation planning pro-
cess (that might or might not be directly attributable to 
a conservation plan), as distinct from an impact, which 
is the value added to a counterfactual estimate of a vari-
able of conservation interest [49]. It is only possible to 
attribute apparent improvements or declines in biodi-
versity to a planning exercise (rather than other causes) 
through impact evaluation, which relates to the choice 
of an experimental or quasi-experimental design for the 
evaluation [50] (this will be addressed through our cat-
egorisation of studies according to robustness of study 
design). A finding that no or few impact evaluations have 
been undertaken on systematic conservation plans would 
highlight an important gap in evaluations of the tech-
nique to date.
The evidence base will be examined and categorised 
using a data extraction framework designed to explore 
the following secondary questions:
  • What are the characteristics of the current evidence 
base including information on study location, study 
scale and design, intervention type and outcome 
type?
  • What types of outcomes of systematic conservation 
planning exercises are measured (either by the origi-
nal planning organisation(s) or others)?
  • What types of study designs are used in evaluations 
of systematic conservation planning?
  • What is the level of robustness of existing evidence? 
How many impact evaluations have been conducted, 
where and by whom?
For our purposes we define outcomes according to the 
five types of capitals: natural, financial, social, human 
and institutional (Table  3), as proposed and defined by 
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Bottrill and Pressey [32]. By reporting on a range of out-
comes we are able to accommodate a diverse range of 
opinions on effectiveness, reflecting the different types of 
stakeholders involved in conservation planning.
Methods
Search terms
A search string, consisting of subject- intervention- and 
outcome-related keywords in English, will be used to 
query publication databases, search engines and online 
repositories.
Subject terms: TS  =  (aquatic OR “river basin” OR 
ecoregion* OR bioregion* OR terrestrial OR marine OR 
freshwater OR coastal OR landscape OR seascape OR 
catchment OR coastal zone OR “ecological network” OR 
corridor OR “conservation area” OR “reserve network” 
OR “protected area” OR metapopulation OR “national 
park” OR reserv* OR “priority area” OR “planning unit”).
AND
Intervention terms: TS = (“conservation plan*” OR “envi-
ronmental plan*” OR “land use plan*” OR “spatial plan*” 
OR “conservation assessment” OR “reserve selection” OR 
“area selection” OR “reserve design*” OR “site selection” 
OR “conservation zoning” OR “key biodiversity area” OR 
“important bird area” OR “spatial priorit*” OR “conserva-
tion priorit*” OR “conservation area priorit*” OR “spatial 
optimi*” OR “conservation area selection” OR “protected 
Fig. 2 A conceptual model linking systematic conservation planning to potential outcomes. A range of inputs influence the planning process 
(related to stages 1–7 of Fig. 1). The planning process often involves the integration of decision-support tools, stakeholder consultation exercises 
and iterative assessments of biological and other spatial datasets. Different types of outputs from the planning process will lead to different types 
of outcomes however, given the causal chains are not yet well understood, single arrows have been used to indicate the influence of the planning 
process on the types of potential outcomes. Immediate outcomes relate to the form of enactment of the plan and longer term outcomes relate to 
threat levels and the state of biodiversity (see [49] for more on this pathway). Potential outcomes extend beyond just those to natural capital, also 
encompassing financial, social, human and institutional capital, as indicated in the examples. The feedback arrow from outcomes to inputs indicates 
the adaptive approach used to modify plans subject to observed outcomes
Table 2 Key elements of the study research question
a In an interrupted time series design data is collected at several time points before and after an intervention [72]
Subject Geographic region of conservation interest at regional, national and subnational scales. Inclusive of all countries and marine, freshwater, 
estuarine and terrestrial regions
Intervention Systematic conservation planning: a process for locating and implementing conservation actions
Comparator Comparisons over time (continuous or interrupted time seriesa), and/or between control and intervention groups and/or sites
Outcome Any reported change in the condition or state of natural, financial, social, human and institutional capital associated with the planning 
process
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area network design” OR “resource allocation” OR “con-
servation decision making” OR marxan OR zonation 
OR RobOff OR “C-plan” OR BioRap OR CLUZ OR Con-
sNet OR CPlan OR CPLEX OR CREDOS OR “Ecoseed 
Marzone” OR MinPatch OR MultCSync OR Nature-
ServeVista OR ResNet OR SPEXAN OR “conservation 
evaluation” OR “area identification” OR “decision-sup-
port tool” OR “conservation action”).
AND
Outcome terms: TS  =  (outcome* OR evaluat* OR out-
put* OR impact* OR effect* OR ineffective OR success* 
OR fail* OR benefit* OR awareness OR behavi* OR 
implement* OR influen*).
This list of search terms was derived by reviewing titles, 
abstracts, keywords and terms used in similar papers e.g. 
[13, 32, 33], and by looking up synonyms in the Oxford 
Thesaurus of English [51]. A scoping exercise in Web of 
Science [52] was used to test the suitability and efficiency 
of alternate terms, wildcards and the use of standard-
ised Boolean search conventions. The resultant search 
string was compared against a test library of eight pub-
lications (selected on the basis they were all the avail-
able studies which provide an example of an evaluation 
of one or more systematic conservation plan(s) which we 
were aware of ) (see Additional file 1 for full list). Search 
terms which did not retrieve many relevant articles were 
dropped from the list, as were terms which returned too 
many largely irrelevant results. To avoid the searches 
returning conservation interventions related to other dis-
ciplines e.g. art conservation, descriptors were included: 
TS = (biodivers* OR wildlife OR species OR habitat).
A detailed record of the evolution of the search string 
has been created to outline modifications to the ini-
tial search string made during the initial scoping exer-
cise (Additional file 2). The search string will be further 
refined during the full searches as necessary. Searches 
will be conducted in English only due to resource con-
straints. Publications returned in other languages will 
be recorded separately for potential follow-up in future 
(provided the titles and abstracts are also available in 
English).
Table 3 Potential outcomes of systematic conservation planning arranged according to capitals
Categories adapted from the typology developed by Bottrill and Pressey [32]
Capital Definition Outcome sub-category
Natural The stock and flow of goods and services provided by ecosystems, 
including the diversity of species, regulating processes, and sup-
porting services [73]
Representation of biodiversity
Reduction in loss or degradation of natural values
Persistence of biodiversity
Maintenance of ecosystem services
Financial The gain or loss of cash, property or assets that represent the 
economic value of an individual or organization
Transparency in conservation investments
Efficiency of operations
Maximised benefit given limited budget
Leverage of additional funds or in-kind support
Social Represents the relationships and interactions between individuals 
and groups [74]
Collaboration among agencies
Coordination between different actors
Trust in planning process
Sharing datasets between agencies
Shared vision
Attitudes of stakeholders
Power dynamics between stakeholders
Human Knowledge or skills that enable people to develop strategies to 
achieve their objectives [75]
Raised awareness of biodiversity or conservation
New knowledge of ecological or social values
Learning applied in future plans
Institutional Capacity, structure, or functioning of institutions through formal 
(e.g. laws) or informal means (e.g. local governance practices) [76]
Influence on future decision making by organisation or partners
Self-sustaining strategies
Role of implementing agency
Consideration of conservation issues in decision making by other 
sectors
Integration of priorities into policies, conventions or legislation
Influence on resource-use planning
Protected areas expanded
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Searches
This search strategy will aim to identify and classify Eng-
lish language studies in a systematic way, capturing both 
peer-reviewed and ‘grey’ literature, to ensure compre-
hensiveness, objectivity and reproducibility. Our search 
strategy was designed to favour sensitivity over specific-
ity to avoid the likelihood of missing potentially impor-
tant studies at the cost of extra time required to filter 
literature found. Input from experts and practitioners 
working in systematic conservation planning was sought 
in the design of this protocol to improve the likelihood 
that the search strategy includes all relevant search terms 
and sources, and to ensure the final map will be of value 
to end users [53]. Unless otherwise indicated, searches 
will be conducted for studies produced between 1983 
and 2016, inclusive.
Publication database searches
Three peer-reviewed publication databases will be 
searched: Web of Science™ Core Collection [52] and 
SCOPUS [54] which cover the natural and social sci-
ences, and CAB Abstracts [55], which is specifically 
targeted to environment, resource management and 
agriculture.
The search string has been developed for Web of Sci-
ence™ Core Collection, and will be used to search that 
database by the field ‘Topic’, which includes title, abstract 
and keywords. A preliminary search returned 7571 
results (refining by subject did not appear to be nec-
essary). The search string will be slightly modified to 
suit the individual requirements of SCOPUS and CAB 
Abstracts, which will both also be searched on the fields; 
title, abstract and keywords.
Search engine searches
The academic search engine Google Scholar (http://
scholar.google.co.uk) has been demonstrated to be a 
valuable complement to traditional publication data-
bases in systematic reviews in environmental disciplines. 
It includes grey literature not found in the latter sources 
or by traditional grey literature search methods, thereby 
increasing the comprehensiveness of the overall search 
[56]. Haddaway et  al. [56] found relatively little overlap 
between Google Scholar and Web of Science.
Google Scholar will be searched using a modified ver-
sion of the publication database intervention search 
string in the advanced search option:
allintitle: “conservation plan” OR “conservation plan-
ning” OR “land use plan” OR “spatial plan” OR “conserva-
tion assessment” OR “reserve design” OR “conservation 
zoning” OR “conservation action”.
The search string has been simplified because only 
basic Boolean logic is supported by Google Scholar, 
which accepts one ‘OR’ substring along with one addi-
tional term (that can be connected with ‘AND’ to the 
OR-substring). Searches will be conducted on title only. 
When using Google Scholar to look for grey literature, 
searching on title only has been found to be more effi-
cient than searching all text [56]. Only the first 1000 
results will be retrieved as this is the total number of 
viewable search results due to the limitations of Google 
Scholar. During a preliminary search in May 2016, 7710 
results were retrieved so approximately a seventh of the 
potentially relevant publications will be assessed. Evalu-
ations of plans are no more likely to appear in the first 
1000 results than the remainder. Therefore, to increase 
the likelihood of finding evaluations using Google 
Scholar, an additional search will be conducted with the 
search criteria modified so that ‘evaluation’ must appear 
in the title (this returned 93 results in the trial). Web 
scraping tools [57] will be used to download and extract 
citation data for Google Scholar search results.
Other online repositories
A grey literature repository of government literature, 
Open Grey (http://www.opengrey.eu/) PAIS Interna-
tional (ProQuest) and databases of conference proceed-
ings: Proceedings First and Papers First (OCLC Online 
Computer Library Center, Inc.) will also be searched by 
title only (due to the large number of references obtain-
able) for the period 1983–2016 (1993–2016 for Proceed-
ings First and Papers First due to the availability of OCLC 
records).
Other web search engines such as Google, WISER, 
deep web search tools and online thesis databases will 
not be searched due to time constraints and because 
the inclusion of academic search engines and targeted 
searches of organisational websites is expected to be 
more efficient.
Targeted searches
Targeted searches will be conducted with the primary 
aim of identifying and locating grey literature publica-
tions from both unpublished sources and organisational 
databases. This distinction between ‘file drawer’ and 
‘practitioner-generated research’ will ensure more effi-
cient grey literature searching [58]. Three approaches 
will be used: systematic searches of the databases and 
websites of key organisations involved in conservation 
planning, subject expert consultation and opportunistic 
identification of studies.
The selected organisational databases and websites 
have been chosen on the basis of having an international 
presence in conservation planning and for the poten-
tial to hold records of large numbers of such projects. 
The list (Table 4) was derived through consultation with 
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conservation planning experts, and organisations which 
were mentioned frequently in the literature.
Where possible, organisational databases and web-
sites will be searched on all text using the Google 
Scholar search string. Where database or within-web-
site searching is not possible, citation metadata for all 
publications available on a given website or database 
will be collated.
The second type of targeted searching—subject expert 
consultation—will involve a select group of subject 
experts, who will be approached to provide suggestions 
of publications, organisational websites and databases 
we may not have considered. Subject experts will be 
selected to represent prominent conservation planners 
in the NGO, academic and government sectors. Ongo-
ing reviews and related initiatives will be examined as 
appropriate.
Promotion of this study and requests for relevant pub-
lications have been made opportunistically, including at 
a major international conference (the 27th International 
Congress for Conservation Biology, Montpellier, August 
2015) to increase the chances of identifying additional 
difficult-to-access publications.
In all cases, potentially relevant publications not found 
through previous search strategies will be added to the 
reference list. We will also conduct forwards and back-
wards bibliographic searches of citations for all pub-
lications in the test library (Additional file  1), seminal 
reviews of conservation planning [12, 13, 32, 59, 60], and 
relevant articles included in the map database.
Comprehensiveness of search
Our search strategy is largely focused on peer-reviewed 
publications from 1983 onwards. The first systematic 
conservation plans appeared in the published literature 
in that year [10, 61]. A limitation to the comprehensive-
ness of the search will be document availability (e.g. the 
chosen conference abstract databases are not searchable 
prior to 1993) and the inclusion of only English language 
publications due to time and resource constraints. Access 
to grey literature is another limitation. However, incor-
porating multiple approaches to identifying and locate 
grey literature will help to address this constraint. A 
subset of key websites and databases have been selected 
rather than all potentially useful websites for practicality 
reasons.
Table 4 Websites of specialist organisations and online databases
Organisation/organisational database Website
Campbell Collaboration http://www.campbellcollaboration.org/lib/
Center for International Forestry Research (CIFOR) http://www.cifor.org
Collaboration for Environmental Evidence http://www.environmentalevidence.org
Conservation Evidence http://www.conservationevidence.com
Coral Triangle Initiative http://www.coraltriangleinitiative.org
Commonwealth Scientific and Industrial Research Organisation (CSIRO), 
Australia
http://www.csiro.au
Evidence on Demand http://www.evidenceondemand.info/library.aspx
IUCN Evaluations database http://www.iucn.org/knowledge/monitoring_evaluation/database/
all_iucn_evaluations
IUCN World Commission on Protected Areas http://www.iucn.org/about/work/programmes/gpap_home/gpap_wcpa
Natureserve http://www.natureserve.org
OECD iLibrary http://www.oecd-ilibrary.org
Poverty and Conservation Learning Group povertyandconservation.info
Protected Planet http://www.protectedplanet.net
SANBI Planning database, South Africa http://www.sanbi.org
The Digital Observatory for Protected Areas (Europe) http://dopa.jrc.ec.europa.eu
The Nature Conservancy—Conservation Gateway http://www.conservationgateway.org/ConservationPlanning/Pages/
conservation-planning.aspx
United Nations Environment Programme—World Conservation  
Monitoring Centre
http://www.unep-wcmc.org
USAID http://www.usaid.gov/biodiversity
Wildlife Conservation Society http://www.wcs.org
World Bank http://web.worldbank.org
World Wildlife Fund for Nature International http://www.panda.org
Critical Ecosystem Partnership Fund http://www.cepf.net
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Our decision to exclude systematic approaches which 
do not involve the use of computerised decision-support 
tools may result in the final suite of included studies 
being associated with well-resourced nations or projects 
only. In order to explore this potential geographic trend, 
during the screening process we will record those stud-
ies which exhibit many of the characteristics of a sys-
tematic conservation plan but which are excluded on 
the basis they do not involve the use of computerised 
decision-support tools (according to Table  1). Follow-
ing the completion of the systematic map, we will then 
map those excluded, non-computational systematic stud-
ies geographically to determine if there is a difference 
in the locations of such studies compared with those 
which meet our systematic conservation planning crite-
ria. If there are far too many excluded systematic studies 
to map every one, we will randomly subsample those to 
obtain a better understanding of potential trends.
To ensure suitability of the search string, and to max-
imise the comprehensiveness of the resultant searches, 
alternate subject and intervention terms have been 
refined with reference to the test library (Additional 
file  1) and enhanced by the inclusion of synonyms and 
wildcards. If initial searches do not return all publications 
in the test library, the search string and search strategy 
will be refined until all publications are returned. Primary 
studies will be included rather than secondary reviews. 
However, when review papers are found, they will be 
used to identify related primary studies.
Article screening and inclusion criteria
Screening process
The web scraping software import.io [57] will be used 
to extract publication metadata (e.g. publication titles, 
authors, publication date etc.) to increase automation 
and efficiency. Once the search strategy has been com-
pleted, all results obtained will be entered into the soft-
ware EPPI-Reviewer (V.4.5.1.0, [62]) and duplications 
will be removed to create the main reference list. EPPI-
Reviewer will be used to coordinate screening and data 
extraction.
For records obtained from web scrapes of organisa-
tional websites, preliminary screening will then be con-
ducted within EPPI-Reviewer, using the Google Scholar 
search string (searching on all text because grey literature 
publications are expected to have more general titles and 
potentially lack abstracts) and only relevant articles will 
be included in further screening.
The approach to screening will be standardised across 
all publications regardless of source. Initially all publica-
tion titles will be reviewed in accordance with the inclu-
sion and exclusion criteria by the primary researcher. 
Given the large number of articles expected, if it appears 
necessary to screen more than 8000 studies at the title 
screening stage (a realistic number for one reviewer), an 
additional reviewer will be involved. In this instance, and 
at each stage (title only, title and abstract, and full text) 
during the piloting of the screening process, a random 
sample 10  %, or 50 articles (whichever is greater) will 
be selected for a kappa analysis to determine whether 
the two reviewers/raters are applying the inclusion cri-
teria consistently. The Online Kappa Calculator [63] 
will be used to measure the chance-adjusted measure of 
agreement between the two raters and values of lower 
than 0.70 will trigger discussions about the reviewers’ 
approaches followed by additional pilot screening until 
the kappa scores are over 0.70 at each screening stage. 
Should the two reviewers have different views on the 
application of part of the inclusion criteria, all authors 
and reviewers will reach a consensus decision about the 
preferred approach.
For retained articles following title screening, all 
abstracts will be obtained and entered into EPPI-
Reviewer if not already obtained. Titles and abstracts will 
then be manually screened in accordance with the inclu-
sion and exclusion criteria. Retained articles at this stage 
will go on to full text screening, as outlined in the follow-
ing sections. At the completion of full text screening, a 
list of excluded articles will be produced, including rea-
sons for their exclusion.
After search results have been compiled the studies will 
be screened against a set of inclusion criteria.
Relevant subject
Studies relating to plans developed at regional, national 
and subnational scales (the scales at which conservation 
actions are operational, rather than studies which evalu-
ate global scale plans such as Conservation Internation-
al’s Biodiversity Hotspots [26]). Inclusive of all countries 
and marine, freshwater and terrestrial realms. Studies 
published between 1983 and 2016.
Relevant intervention
Systematic conservation planning [12]: a process for 
locating and implementing conservation actions where: 
(a) the benefits of conservation actions are specified 
either as threshold amounts of natural features to be 
represented or as continuous functions with increasing 
amounts of features; and (b) the outputs are one or more 
optimal or near optimal sets of spatially-bounded con-
servation actions. This means that plans will necessarily 
use existing (e.g. Marxan [19], C-Plan [20] and Zonation 
[21]) or custom-made (e.g. linear/non-linear program-
ming, genetic algorithms) decision-support tools in the 
‘spatial prioritisation’ stages. Studies which relate to plans 
that have no explicitly stated biological conservation 
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objectives, or studies which relate to plans that were 
solely expert-based approaches (which are not repeat-
able and are less defensible and transparent [33]) will be 
excluded.
Relevant outcome
Studies which measure changes in the condition of one 
or more of the following forms of capitals: natural, finan-
cial, social, human and institutional (either quantitatively 
or qualitatively). We will take a broad interpretation of 
outcomes in order to capture the breadth of intended 
and unintended outcomes and potential flow-on conse-
quences for biodiversity conservation.
Relevant comparator
Comparisons over time (continuous or interrupted 
time series), and/or between control and intervention 
groups and/or sites. Studies which measure a single 
point in time, with no comparison to another site will be 
excluded.
Relevant study design
Retrospective quantitative and qualitative experimen-
tal, quasi-experimental and non-experimental designs 
according to Margoluis et  al. [64]. Theoretical studies, 
prospective models, or studies which only use ex-post 
modelling to estimate business as usual versus future 
planning scenarios will be excluded, as will studies based 
on researcher inference, however these will be quantified 
as we expect these to be common.
If there is any doubt about the relevance of a study at 
any screening stage, it will be included for evaluation 
in the subsequent screening round to avoid removing 
potentially relevant studies. Where a publication meets 
our criteria for being a systematic conservation plan but 
does not meet our criteria for being an evaluation, the 
record will be marked as such and kept aside, as these 
records will potentially be informative for other efforts to 
collate a comprehensive database of conservation plans 
worldwide.
Study quality assessment
Information about the study design of relevant articles 
will be recorded to determine study robustness, in light 
of a full critical appraisal [65]. Studies will be coded as 
experimental, quasi-experimental, non-experimental, 
involving qualitative sampling or ‘other’ according to 
Margoluis et al.′s categorisation of quantitative and quali-
tative study designs [64], which is similar to that used by 
Bottrill et al. [66] in this journal (Additional file 3). This 
will provide an overview of the type of data collected 
and study designs employed, to guide more detailed data 
extraction and assessment of evaluation methodologies 
used, in a future systematic review.
Data coding strategy
The final list of relevant articles (those included following 
full-text screening) will be examined and data recorded 
based on a standardised coding tool (Additional file  3). 
The coding tool was developed based on similar stud-
ies (e.g. [66, 67]) with the aim of recording descriptive 
information about the study in relation to our research 
questions. EPPI-Reviewer will be used to standardise and 
streamline data coding as each publication is assessed.
The following main categories of data will be extracted:
  • Bibliographic information,
  • Basic information about the conservation planning 
process in question,
  • Information about the study design,
  • Types of outcomes reported.
Existing typologies have been chosen where avail-
able (e.g. IUCN categories of conservation actions [68], 
see Additional file 3). The selected typology of outcomes 
is based on the capitals framework (natural, financial, 
social, human and institutional) proposed by Bottrill and 
Pressey [32] (Table 2). Subcategories of outcomes will be 
revised based on coding results from relevant studies.
Systematic conservation plans can be developed for a 
range of reasons, exhibit different characteristics and 
potentially lead to different types of outcomes. Hence a 
typology of interventions (types of plans), will be used to 
categorise studies, broadly broken down into those plans 
which were (a) developed by the end user(s) for direct 
application, such as a government seeking to acquire 
land to create or expand a protected area network, (b) 
were used to identify priority conservation actions and 
the optimal spatial and temporal allocation of these, in 
order to influence decisions taken by other organisations, 
or (c) used to retrospectively evaluate or examine the effi-
ciency and suitability of an existing protected area net-
work. This typology will be refined as necessary given no 
existing typology exists to categorise types of systematic 
conservation plans.
An additional suite of in-depth questions have been 
posed in the event the final list of studies is small enough 
to warrant a second, more detailed round of data extrac-
tion, relating to reported characteristics such as: causal 
mechanisms associated with reported outcomes, the pur-
pose of the study, cost of the planning process and con-
text of the plan (Additional file 3).
To ensure repeatability of data coding, each reviewer 
will select a subsample of at least ten coded articles 
Page 11 of 13McIntosh et al. Environ Evid  (2016) 5:15 
during the early stages of data coding, to check for con-
sistency in their choice of codes and to reconcile any dif-
ferences in selection. If necessary they will amend the 
codes in discussion with the other reviewer before coding 
the remainder of the articles. To verify the consistency 
and repeatability of data coding and the study quality 
assessments between the two reviewers, a random sam-
ple of 10  %, or 50 articles (whichever is greater) will be 
selected for kappa analysis. We will also assess intercoder 
reliability [69] through the application of Krippendorff’s 
alpha index [70], a more flexible measure. The choice of 
codes of the two reviewers will be compared and harmo-
nised as necessary and the results of the intercoder reli-
ability assessments will be reported.
Study mapping and presentation
We will present the results in a publication (to be pub-
lished in this journal) as well as an open-access, search-
able database of studies and related coding results, 
available to be updated in future. In addition, a visual 
overview of available evidence will be developed (in the 
form of a structured matrix) in order to share our find-
ings with practitioners, policy makers and researchers in 
a summarised and engaging way. This matrix will show 
how the interventions (different types of systematic con-
servation plans/rows) relate to different outcomes (col-
umns) (Additional file  4) to highlight areas where little 
or no evidence exists, and the robustness of the evidence 
based on study design. Within each cell any relevant stud-
ies will be listed (and associated article(s)), colour coded 
by study design, to convey the amount and robustness of 
evidence available for each type of outcome. Any associ-
ated outcome patterns will also be reported, for example, 
which combinations of outcomes are most often reported 
together. In order to identify potential patterns of inter-
est, results will be presented according to the frequency 
of studies by country, biome, and publication type. A 
geographic map of the location of each included study 
will be compiled and if sufficient studies report on the 
causal mechanisms associated with reported outcomes, 
these will be presented also. We will explore methods of 
displaying the structured matrix as an interactive online 
tool, similar to the approach developed by the Interna-
tional Impact Initiative (3ie) (http://gapmaps.3ieimpact.
org).
Additional files
Additional file 1. List of publications in test library.
Additional file 2. Scoping of search terms and evolution of search 
string(s).
Additional file 3. Data extraction form/coding tool and typologies.
Additional file 4. Proposed data presentation matrix.
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